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Abstract: $ IRXUFKDQQHO :'0 VLOLFRQ SKRWRQLF WUDQVPLWWHU ZLWK LQWHJUDWHG ODVHUV DQG
PRGXODWRUVGULYHQE\ORZSRZHUQP&026GULYHUVLVGHPRQVWUDWHGWRRSHUDWHDWDGDWDUDWHRI
*EVZLWK%(5DQGSRZHUFRQVXPSWLRQRIS-ELW
OCIScodes:2SWLFDOLQWHUFRQQHFWV3KRWRQLFLQWHJUDWHGFLUFXLWV

1.Introduction
7KHUHLVDJURZLQJGHPDQGLQGDWDFHQWHUVIRUORZFRVWKLJKEDQGZLGWKVLQJOHPRGHRSWLFDOWUDQVFHLYHUVWKDWKDYH
UHDFKHVXSWRNP&RQFXUUHQWO\WKHUHLVDVWURQJSXVKWRUHGXFHWKHSRZHUFRQVXPSWLRQRIWKHVHOLQNVHVSHFLDOO\
ZKHQWU\LQJWRUHDFKWKHEDQGZLGWKWDUJHWVRIQH[WJHQHUDWLRQVWDQGDUGVVXFKDV*E(>@7KLVUHTXLUHVVROXWLRQV
WKDWVFDOHHIILFLHQWO\ZLWKGDWDUDWHDQGFKDQQHOFRXQW)XUWKHUPRUHWRPHHWSRZHUDQGFRVWWDUJHWVLWLVQHFHVVDU\WR
PRYHSKRWRQLFVRXWRIKHUPHWLFDOO\VHDOHG“gold box” packages DQGLQWRRQHVWKDWPRUHFORVHO\UHVHPEOHHOHFWURQLFV
LQRUGHUWRUHDOL]HWKHFRVWDGYDQWDJHVDQGDGYDQFHGSDFNDJLQJFDSDELOLWLHVGHYHORSHGIRUWKHHOHFWURQLFVLQGXVWU\
,QSUDFWLFHWKHFRPELQDWLRQRI:'0FDSDELOLW\ZLWKHOHFWURQLFOLNHSDFNDJLQJLVFKDOOHQJLQJ&RQYHQWLRQDO,,,
9VHPLFRQGXFWRUEDVHGSKRWRQLFWUDQVFHLYHUVHQDEOH:'0SHUIRUPDQFHEXWIDOOVKRUWRQSRZHUFRQVXPSWLRQDQG
cost due to the limitations of “gold box” packaging. ,Q FRQWUDVW W\SLFDO VLOLFRQ SKRWRQLF WUDQVFHLYHUV HQDEOH ORZ
SRZHUDQGFRVWVROXWLRQVIRUDVPDOOQXPEHURIZDYHOHQJWK ODQHVEXWKDYHIDLOHG WRHQDEOH:'0VFDOLQJ WRKLJK
FKDQQHO FRXQW OLPLWHG LQ WUDQVPLWWHU DUFKLWHFWXUHV E\ WKH XVH RI H[WHUQDO ODVHUV WKDW DUH LQHIILFLHQW DQG UHTXLUH
DVVHPEO\SURFHVVHVWRVFDOH>@ODVHUVZLWKFRDUVHO\VSDFHGZDYHOHQJWKVWKDWTXLFNO\H[FHHGWKHILEHUZLQGRZ>@
RUUHODWLYHO\LQHIILFLHQW&EDQGODVHUVWKDWOHDGWRKLJKHQHUJ\SHUELWIRUHDFKFKDQQHO>@
,QWKLVZRUNZHGHPRQVWUDWHDIRXUFKDQQHOLPSOHPHQWDWLRQRID:'0SKRWRQLF WUDQVPLWWHU WHFKQRORJ\GULYHQ
E\&026HOHFWURQLFVZLWKH[WUHPHO\ORZS-ELWZDOOSOXJSRZHUFRQVXPSWLRQQRWLQFOXGLQJWKHUPRHOHFWULF
FRROHU$VGHSLFWHGLQ)LJE\YLUWXHRI LQWHJUDWLQJODVHUVPRGXODWRUVDQG08;FRPSRQHQWVRQWRDVLQJOHFKLS
DQGFORVHO\LQWHJUDWLQJLWZLWKORZSRZHU&026GULYHUVYLDDGYDQFHGSDFNDJLQJWKLV:'0SKRWRQLFWUDQVPLWWHU
FDQVFDOHWRKLJKHUFKDQQHOVFRXQWVZKLOHVWD\LQJZLWKLQWKHSRZHUDQGFRVWHQYHORSHUHTXLUHGE\GDWDFHQWHUV


)LJ,OOXVWUDWLRQRIFRSDFNDJHG:'0WUDQVPLWWHUZLWK1[*EVGDWDSDWKV

2.Photonicintegratedcircuitanddrivercircuitdetails
7KH SKRWRQLF LQWHJUDWHG FLUFXLW 3,& GHPRQVWUDWHG LQ WKLV ZRUN FRQVLVWV RI IRXU WXQDEOH ODVHUV >@ ZKLFK DUH
LQGLYLGXDOO\FRXSOHG WR IRXU HOHFWURDEVRUSWLRQPRGXODWRUV ($0V7KHRXWSXWVRI WKH($0VDUHPXOWLSOH[HGRQ
WKH 3,& YLD 0XOWL0RGH ,QWHUIHUHQFH 00, FRPELQHUV 7KH ODVHUV DQG ($0V RQ WKH 3,& ZHUH IDEULFDWHG
simultaneously using Aurrion’s heterogeneous integration process. )LJDVKRZVWKHRXWSXWRSWLFDOVSHFWUXPRI
WKH 3,& LQFOXGLQJ ILEHU FRXSOLQJ ORVVHV ZKHUH WKH ZDYHOHQJWKV RI WKH ODVHUV KDYH EHHQ WXQHG WR PDWFK WKH
*%$6(/5JULG,IUHTXLUHGWKH\FDQEHWXQHGWRDQDUURZHUFKDQQHOVSDFLQJIRUH[DPSOH*+]LQRUGHU
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WRPD[LPL]H VSHFWUDO HIILFLHQF\HVSHFLDOO\ZKHQVFDOLQJ WRKLJKHUFKDQQHOFRXQWV )LJ E VKRZV WKHDEVRUSWLRQ
FXUYHVRIWKH($07KH($0HSLWD[LDOOD\HUGHVLJQVDUHVLPLODUWRWKRVHUHSRUWHGLQ>@DQGFDQVXSSRUWDQRSWLFDO
EDQGZLGWKRIaQP

)LJDPHDVXUHGRXWSXWVSHFWUXPIRUWKHIRXUWUDQVPLWWHUFKDQQHOVZKHUHWKHZDYHOHQJWKVKDYHEHHQWXQHGWRDQG
QPUHVSHFWLYHO\E1RUPDOL]HGWUDQVPLVVLRQRIWKH($0VRQWKH3,&DVPHDVXUHGXVLQJDQRQFKLSWDSGHWHFWRU

The driver integrated circuit (IC) is fabricated in IBM’s 32nP62,&026WHFKQRORJ\DQGLWVGHWDLOVKDYHEHHQ
UHSRUWHG LQ>@ 7KHGULYHUSURYLGHV9SSRXWSXW VZLQJSHUFKDQQHODQGGLVVLSDWHVDQRYHUDOOSRZHURI P:
ZKHQ WKH WUDQVPLWWHU LV RSHUDWLQJ DW  [ *ESV 7KH ODVHUV DQG ($0V FRQWULEXWH P: DQG P:
UHVSHFWLYHO\$ORQJZLWKWKH&026GULYHUWKLVUHVXOWVLQDQRYHUDOOWUDQVPLWWHUSRZHUFRQVXPSWLRQRIS-ELW,W
VKRXOGEHQRWHG WKDWXQOLNHLQ>@ZKHUHWKHRXWSXWVWDJH5/&QHWZRUNRIWKHGULYHUZDVRSWLPL]HGWRPDWFKWKH
GHVLJQRIWKH($0DUUD\ WKH($0VRQWKLV3,&ZHUHQRWFRGHVLJQHGZLWKWKHGULYHUDQGWKLV LQWXUQOLPLWHGWKH
SHUIRUPDQFHRIDQLQGLYLGXDOFKDQQHOWR*ESVFRPSDUHGWR*ESVUHSRUWHGLQ>@
3.MeasurementsandResults
7KH3,&ZDVZLUHERQGSDFNDJHGRQDFXVWRPSULQWHGFLUFXLWERDUGZLWKIRXUVLQJOHFKDQQHOGULYHU,&VVHH)LJ
6XSSO\ YROWDJHV DQG FXUUHQW ELDVHV ZHUH GHOLYHUHG WKURXJK ULEERQ FDEOHV ZKLOH IRXU KLJKVSHHG GLIIHUHQWLDOSDLU
LQSXWVZHUHURXWHGWKURXJK003;FRQQHFWRUVDWWKHFDUGHGJHDFURVVPLFURVWULSWUDQVPLVVLRQOLQHVDQGWHUPLQDWHG
LQWR  GLIIHUHQWLDO LQSXW WHUPLQDWLRQV LQ HDFK RI WKH GULYHU ,&V )LJ  VKRZV D EORFN GLDJUDP RI WKH
H[SHULPHQWDO VHWXS $Q $QULWVX 03$ SDWWHUQ JHQHUDWRU 3* FRQILJXUHG ZLWK  GXDOFKDQQHO 08$
PRGXOHV ZDV XVHG WR VLPXOWDQHRXVO\ SURYLGH IRXU GHFRUUHODWHG *ESV VLJQDOV HQFRGHGZLWK D 35%6 SDWWHUQ RI
OHQJWK–WRWKHFDUG$WKHUPRHOHFWULFFRROHUZDVXVHGWRKROGWKHFDUGDW&WRPDLQWDLQWHVWVHWXSVWDELOLW\
IRUWKLVSRZHUPHDVXUHPHQW+RZHYHUWKH3,&LVFDSDEOHRIRSHUDWLQJDWVLJQLILFDQWO\KLJKHUWHPSHUDWXUHVDQGHDFK
ODVHUFDQEHKHOGDWDFRQVWDQWZDYHOHQJWKHYHQDVWKHWHPSHUDWXUHFKDQJHVZLWKDSSURSULDWHWXQLQJ


)LJ%ORFNGLDJUDPRIH[SHULPHQWDOVHWXSZLWKSKRWRJUDSKRIWKHSDFNDJHGDVVHPEO\

/LJKW ZDV H[WUDFWHG IURP WKH 3,& XVLQJ D VLQJOHPRGH WDSHUHGOHQVHG ILEHU ZLWK DQ DSSUR[LPDWH P VSRW
GLDPHWHU7KHOLJKWZDVWKHQSDVVHGWKURXJKDQ LVRODWRUDSUDVHRG\PLXPGRSHGILEHUDPSOLILHUDNPVSRRORI
VLQJOHPRGHILEHUD WXQDEOH)DEU\3HURWILOWHUDQGDYDULDEOHRSWLFDODWWHQXDWRU92$)LQDOO\DQRSWLFDOVZLWFK
ZDVXVHGWRVHOHFWEHWZHHQDVDPSOLQJVFRSHZLWKD*+]SKRWRGHWHFWRUSOXJLQDQRSWLFDODYHUDJHSRZHUPHWHU
RUD UHIHUHQFHUHFHLYHU 5;7KH5;FRQVLVWVRIDFXVWRPQP6L*H,&ZLUHERQGHG WRDSKRWRGHWHFWRUZLWK
$: UHVSRQVLYLW\ DW QP 7KH RX’s GLIIHUHQWLDO RXWSXWV ZHUH FRQQHFWHG WR DQ HUURU GHWHFWRU (' 7KH
WUDQVPLWWHUZDVWHVWHGZLWKDOOFKDQQHOVUXQQLQJVLPXOWDQHRXVO\ILOWHULQJRXWRQHDWDWLPHRQWKH5;
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7KH FDSWXUHG H\H GLDJUDPV DUH LQFOXGHG LQ )LJ D IRU DOO IRXU FKDQQHOV DW *ESV SHU FKDQQHO $OWKRXJK
H[WLQFWLRQUDWLRVXSWRG%KDYHEHHQGHPRQVWUDWHGXVLQJVLPLODUGULYHUVZLWKVLPLODU($0V>@ LQWKLVFDVHWKH
($0ELDVHVZHUHVHWWRSURYLGHVPDOOHUH[WLQFWLRQUDWLRVRIG%G%G%DQGG%LQRUGHUWRLQFUHDVHWKH
RSWLFDO PRGXODWLRQ DPSOLWXGH 7KH REVHUYHG QRLVH DQG MLWWHU SUHVHQW LQ WKH H\H GLDJUDPV LV DQ DUWLIDFW RI WKH
DIRUHPHQWLRQHGLQGHSHQGHQWGHVLJQHIIRUWVDQGKDVEHHQVKRZQWREHVLJQLILFDQWO\LPSURYHGZLWKFRGHVLJQ>@%LW
HUURU UDWH %(5FXUYHVZHUHUHFRUGHGIRUDOO IRXUFKDQQHOV ILUVW EDFNWREDFN%%DQG WKHQ WKURXJK WKHNP
ILEHU7KH%(5FXUYHVDUHSORWWHGLQ)LJEDJDLQVWDYHUDJHRSWLFDOSRZHUFRUUHFWHGWRLQILQLWHH[WLQFWLRQUDWLR
7KHFXUYHVIRUWKHIRXUFKDQQHOVH[KLELWDVSUHDGRIDERXWG%DWD%(5RIDWWULEXWHGWRYDULDWLRQVLQSDFNDJH
SDUDVLWLFV)XUWKHUPRUHWKHFXUYHVLQGLFDWHQRPHDVXUHGSRZHUSHQDOW\WKURXJKWKHILEHUIRUDOOIRXUFKDQQHOV


)LJD(\HGLDJUDPVIRUWKHIRXUFKDQQHOVDW*ESVSHUFKDQQHODIWHUNPRIILEHUSURSDJDWLRQE%(5FXUYHVIRUWKHIRXUFKDQQHOV
EHIRUHDQGDIWHUILEHUSURSDJDWLRQ
4.Conclusion
$[*ESV:'0VLOLFRQSKRWRQLF WUDQVPLWWHUZLWKS-ELWSRZHUFRQVXPSWLRQZDVGHPRQVWUDWHG7KLVUHVXOW
VKRZV WKH SURPLVH RI WKLV:'0 VLOLFRQ SKRWRQLF WUDQVPLWWHU WHFKQRORJ\ DQG EHDUV WHVWDPHQW WR WKH SRWHQWLDO RI
GHOLYHULQJRQORZSRZHUORZFRVWKLJKFKDQQHOFRXQW:'0WUDQVFHLYHUV
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